This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



THIS PAGE BLANK (usptg, 




Europaisches Patentamt 
European Patent Office 
Office europeen des brev ts 




® Publication number : 0 442 742 A1 



C12) 



EUROPEAN PATENT APPLICATION 



@ Application number: 91301210.0 



® mt ci. s : H01M 8/12, H01M 8/24 



@ Date of filing : 14.02.91 



© Priority : 15.02.90 JP 32380/90 
20.02.90 JP 37151/90 



@ Date of publication of application : 
21.08.91 Bulletin 91/34 



@) Designated Contracting States : 
BE DE FR GB 



@ Applicant : NGK INSULATORS, LTD. 
2-56, Suda-cho, Mizuho-ku 
Nagoya City Aichi Pref. (JP) 



(72) Inventor: Ishihara, Takeshi 
38-2, Futamuradai 7-chome 
Toyoake City, Aichi Pref. (JP) 
Inventor: Misawa, Hidenobu 
1-50 Nishi-Ohne, Sakae-cho 
Toyoake City, Aichi Pref. (JP) 
Inventor : Yamada, Satoru 
44-7, Shimoyama-cho 2-chome, Mizuho-ku 
Nagoya City, Aichi Pref. (JP) 



@ Representative : Paget, Hugh Charles Edward 
et al 

MEWBURN ELLIS 2 Cursitor Street 
London EC4A 1BQ (GB) 



(54) Solid oxide fuel cell. 



(g) A solid oxide fuel cell comprises tube-shaped solid oxide fuel cell elements (1,2,3,4,5). One gas 
selected from an oxidizing gas and a fuel gas flows in an internal space (12) of an element, and the other 
gas flows in an external space of the element Means (9.10) for converting an oxidizing gas-flow and/or a 
fuel gas-flow into turbulent flows is provided in the internal space and/or the external space. The 
converting means is preferably an elongated body such as a tube-shaped body, a solid pillar-shaped 
body, a hollow-cylindrical body, a solid-cylindrical body and a rod with plates, extending in the 
longitudinal direction of the element More efficient use of the oxidizing gas and/or fuel gas can be 
achieved. 
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SOLID OXIDE FUEL CELL 



The present invention relates to solid oxide fuel 
ceils. 

Recently, fuel cells have been noted as power 
generating equipments. The fuel cell is an equipment 
capable of directly converting chemical energy pos- 
sessed by fuel to electric energy. Since the fuel cell 
is free from limitation of Camot's cyde, the cell is an 
extremely promising technique in that the fuel cell 
essentially has a high energy conversion efficiency, a 
variety of fuels (naphtha, natural gas, methanol, coal 
reformed gas, heavy oil, etc.) may be used, and the 
cell provokes less public nuisance, and its power 
generating efficiency is not influenced by the scale of 
the equipment. 

Particularly, since the solid oxide fuel cell 
(hereinafter referred as SOFC) operates at high tem- 
peratures of 1 ,000°C or more, activity of electrodes is 
extremely high. Thus, completely no catalyst of a 
noble metal such as expensive platinum is necessary. 
In addition, since the SOFC has low polarization and 
relatively high output voltage, its energy conversion 
efficiency is conspicuously higher than that in the 
other fuel cells. Furthermore, since their constituent 
materials are ail solid, the SOFC is stable and has a 
long use life. 

Fig. 1 3 is a partial perspective view of an example 
of the conventional hollow-cylindrical SOFC element 
(an electric cell), and Fig. 14 is a sectional view taken 
along a line (X IV-X IV) of Fig. 13. 

In Fig. 1 3, an air electrode 5 is formed on an outer 
periphery of a hollow-cylindrical porous ceramic tube 
1 , and a solid electrolyte 4 and a fuel electrode 3 are 
arranged around the outer periphery of the air elec- 
trode 5 in this order. Furthermore, an interconnector 
2 is arranged on the air electrode 5 at an upper side 
region of the SOFC shown in Fig. 13 and a connecting 
terminal 6 is attached thereto. In series connection of 
the hollow-cylindrical SOFC elements, the air elec- 
trode 5 is connected to the fuel electrode 3 of an 
adjoining SOFC element through the interconnector 2 
and the connecting terminal 6. In parallel connection 
of the hollow-cylindrical SOFC elements, the fuel 
electrodes 3 of the adjoining SOFC elements are con- 
nected through Ni felt or the like. 

When operating the hollow-cylindrical SOFC, as 
shown in Fig. 14, fuel gas such as hydrogen, carbon 
monoxide etc., is flown around the outer surface of the 
fuel electrode 3 as shown by arrows D, and an oxidi- 
zing gas is flown into an oxidizing gas-flow route 8, 
which is an internal space 7 of the cylindrical element, 
as shown by arrows A and B. 

However, in the internal space 7 t the oxidizing 
gas flows in regular flow lines and in layers. Therefore, 
in the inner peripheral portion of the porous support 
tube 1 facing the internal space 7, oxygen contained 



in the oxidizing gas is consumed successively from 
one end toward the other end as shown by arrows C. 
Consequently, as the gas-flow approaches to the right 

5 end of the SOFC element shown in Fig. 14, the con- 
centration of oxygen in the gas decreases to inacti- 
vate the ion reaction at the electrode and to lower the 
elevation of the temperature. Furthermore, the lower- 
ing of the temperature further inactivates the reaction. 

10 As a result, oxygen contained in the oxidizing gas 
flowing through the flow route 8 is not fully consumed 
or utilized to lower the power generating efficiency of 
the cell. Moreover, the temperature gradient between 
the areas of higher reactivity and lower reactivity 

15 causes large thermal strain and stress in the longitu- 
dinal direction of the SOFC element. 

In addition, since the oxidizing gas flows in layers 
as described above, the oxidizing gas flowing in the 
central portion of the internal space hardly contributes 

20 to the power generation. Moreover, the oxidizing gas 
flows more slowly in the outer peripheral portion of the 
internal space 7 on one hand and more rapidly in the 
central portion on the other hand, so that a larger 
quantity of oxygen flows through the interna! space 7 

25 before contributing to the power generation. 

Similar problems occur in the case of the hollow- 
cylindrical SOFC in which a fuel electrode is arranged 
inside the solid electrolyte ant the fuel gas is flown into 
the internal space for the power generation. In such a 

30 case, a large amount of the fuel gas flows through th 
internal space before contributing to the power gen- 
eration. 

Besides, when the hollow-cylindrical SOFC ele- 
ments are electrically connected in series and in par- 
35 allel, similar problems occur in the external spaces of 
the hollow-cylindrical elements. 

Fig. 15 is a front view showing a part of a SOFC 
generator comprising an arrangement of such hollow- 
cylindrical SOFC elements, and Fig. 16 is a cross sec- 
40 tional view taken along a line X Vl-X VI of Fig. 15. 

The air electrode 5 is formed on the outer 
periphery of the hollow-cylindrical porous ceramic 
tube 1, and the solid electrolyte 4 and the fuel elec- 
trode 3 are arranged around the outer periphery of the 
45 air electrode 5 in this order. Furthermore, the intercon- 
nector 2 is arranged on the air electrode 5 at an upper 
side region of the SOFC element shown in Fig. 15 and 
the connecting terminal 6 is attached thereto. Then, 
the air electrodes 5 of the thus composed hollow- 
so cylindrical SOFC elements 42 are electrically connec- 
ted to the fuel electrodes 3 of the adjoining SOFC 
elements 42 in the upper direction shown is Fig. 15 
through the interconnectors 2, the connecting termi- 
nals 6 and metal felts 50. A plurality of the hollow- 
55 cylindrical SOFC elements 42 are thus electrically 
connected in series in a vertical direction shown in 
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Fig. 15. Besides, the fuel electrodes 3 of the hollow- 
cylindrical SOFC elements 42 adjoining each other in 
a horizontal direction in Fig. 15 are electrically con- 
nected to each other through metal felts 49. A plurality 
of the hollow-cylindrical SOFC elements 42 are elec- 
trically connected in parallel in the horizontal direction 
shown in Fig. 15. 

When operating the cylindrical SOFC, the oxidiz- 
ing gas containing oxygen is flown into the internal 
spaces 7 of the elements 42. Furthermore, fuel gas 
such as hydrogen, carbon monoxide, etc. is flown into 
an external space 45 formed between the outer sur- 
faces of the arranged hollow-cylindrical SOFC ele- 
ments 42 and around the outer surfaces of the fuel 
electrodes 3 as shown by arrows G and I in Fig. 16. 

However, in the external space 45, the fuel gas 
flows in regular flow lines and in layers as shown by 
the arrows I. Therefore, carbon monoxide or hydrogen 
is consumed successively at the fuel electrodes 3 
near to the outer peripheral portion of the external 
space 45 from one end toward the other end. Conse- 
quently, as the gas^flow approaches to the right end 
of the SOFC element shown in Fig. 16, the concen- 
tration of fuel ingredient in the gas decreases to inac- 
tivate the electrochemical reactions and to lower the 
elevation of the temperature. Furthermore, the lower- 
ing of the temperature further inactivates the reaction 
at the electrodes. Moreover, since a large amount of 
CO2, steam, etc. is contained in the fuel gas having its 
concentration reduced, these ingredients attach to 
the surface of the fuel electrodes to obstruct the reac- 
tion. Thus, the reaction becomes more inactive and 
the temperature is further lowered. This tendency 
becomes more considerable as each of cylindrical 
SOFC elements is prolonged. As a result, the fuel 
ingredient contained in the fuel gas is not fully utilized 
to the reaction at the electrodes contributing to the 
power generation, and the power generating effi- 
ciency of each cell is lowered. Moreover, the tempera- 
ture gradient between the areas of higher reactivity 
and lower reactivity causes large thermal strain and 
stress in the longitudinal direction of the SOFC ele- 
ment In addition, since the fuel gas flows in layers as 
described above, the fuel gas flowing in the central 
portion of the external space 45 hardly contributes to 
the power generation. Moreover, the fuel gas flows 
more slowly in the outer peripheral portion of the 
external space 45 on one hand and more rapidly in the 
central portion on the other hand, so that a larger 
quantity of the fuel ingredient flows through the exter- 
nal space before contributing to the power generation 
to further lower the power generating efficiency. 

It is an object of the invention to provide a tube- 
shaped solid oxide fuel cell which can utilize the oxidi- 
zing gas-flow or the fuel gas-flow more efficiently for 
the power generation and reduce the loss of the oxidi- 
zing gas or the fuel gas. 

It is an another object of the invention to provide 
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a tube-shaped solid oxide fuel cell which can utilize 
the oxidizing gas or the fuel gas flowing especially in 
5 the internal space more efficiently for the power gen- 
eration and can reduce the loss of the oxidizing gas 
or the fuel gas to obtain the high power generating effi- 
ciency. 

It is a further object of the invention to provide a 
10 solid oxide fuel cell which can reduce the loss of the 
gas flowing through the external space formed be- 
tween a plurality of tube-shaped solid oxide fuel ceil 
elements before contributing to the power generation 
and can enhance the power generating efficiency. 
15 According to the invention, there is the provision 

of a solid oxide fuel cell in which one gas selected 
from oxidizing gas and fuel gas flows in an internal 
space of a tube-shaped solid oxide fuel cell element 
and the other gas flows in an external space of the ele- 
20 ment, said cell being provided with a means for con- 
verting an oxidizing gas-flow and/or a fuel gas-flow 
into turbulent flows. 

In a first preferred embodiment of the invention, 
the means for converting the oxidizing gas-flow or the 
25 fuel gas-flow in the internal space into the turbulent 
flows is arranged in the internal space. 

In a second preferred embodiment of the inven- 
tion, a plurality of the elements are arranged, and 
electrodes of the adjoining elements are electrically 
30 connected to each other, and the external space is 
formed between a plurality of the elements, and the 
means for converting the oxidizing gas-flow or the fuel 
gas-flow in the external space into the turbulent flows 
is arranged in the external space. 
35 According to the solid oxide fuel cells of the inven- 

tion, since the cell is provided with the means for con- 
verting the oxidizing gas-flow and/orfuel gas-flow into 
turbulent flows, depieted-flows in which an oxygen or 
a fuel concentration has already been decreased are 
40 mixed into fresh-flows having relatively high oxygen 
or fuel concentration in the oxidizing gas-flow or the 
fuel gas-flow as a whole. Therefore, it is possible to 
prevent that the depleted oxidizing gas or the dep- 
leted fuel gas, in which the oxygen or the fuel concen- 
45 tration has already been decreased, continues to flow 
in layers around the surface of the elements. As a 
result, it is possible to prevent the lowering of the 
power generating efficiency due to the decrease of 
the oxygen or the fuel concentration and to reduce the 
so thermal stress and strain due to non-uniformity of the 
reactivity at the electrodes. Moreover, since it is poss- 
ible to prevent the flow of the fresh gas through the cell 
without being utilized for the power generation, the 
fresh gas can be effectively utilized to improve the 
55 power generating efficiency considerably. 

According to the first preferred embodiment of the 
invention, since the means for converting the oxidiz- 
ing gas-flow or the fuel gas-flow into the turbulent 
flows is arranged in the internal space, depleted-flows 
in which the oxygen or the fuel concentration has 
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already been decreased are mixed into the fresh- 
flows having relatively high oxyg n or fuel concen- 
tration in the oxidizing gas-flow or th fxj el gas-flow as s 
a whole. Therefore, it is possible to prevent that the 
depleted oxidizing gas or the depleted fuel gas, in 
which the oxygen or the fuel concentration has 
already decreased, continues to flow in layers in the 
internal space and around the inner surface of the ele- 1 o 
ments. As a result, it is possible to prevent the lower- 
ing of the power generating efficiency due to the 
decrease of the oxygen or the fuel concentration and 
to reduce the thermal stress and strain due to non-uni- 
formity of the reactivity at the electrodes. Moreover, 15 
since it is possible to prevent the flowing of the fresh 
gas through the internal space without being utilized 
for the power generation, the fresh gas can be effec- 
tively utilized to improve the power generating effi- 
ciency considerably. 20 

According to the second preferred embodiment of 
the invention, since the means for converting the fuel 
gas-flow or the oxidizing gas-flow, which flows 
through the external space formed between a plurality 
of the elements, into the turbulent flows is arranged in 25 
the external space, the depleted-flows in which the 
oxygen or the fuel concentration has already been 
decreased are mixed into the fresh-flows having rela- 
tively high oxygen or fuel concentration in the oxidiz- 
ing gas flow or the fuel gas flow as a whole. Therefore, 30 
it is possible to prevent that the depleted oxidizing gas 
or the depleted fuel gas, in which the oxygen or the 
fuel concentration has already been decreased, con- 
tinues to flow in layers around the outer surface of 
each element As a result, it is possible to prevent the 35 
lowering of the power generating efficiency due to the 
decrease of the oxygen or the fuel concentration and 
to reduce the thermal stress and strain due to non-uni- 
formity of the reactivity at the electrodes. Moreover, 
since it is possible to prevent the flowing of the fresh 40 
gas through the external space without being utilized 
for the power generation, the fresh gas can be effec- 
tively utilized to improve the power generating effi- 
ciency considerably. 

These and other objects, features and advan- 45 
tages of the invention will be appreciated upon read- 
ing of the following description of the invention when 
taken in conjunction with the attached drawings. 

For a better understanding of the invention, refer- 
ence is made to the attached drawings, wherein : so 
Fig. 1 is a partial perspective view of a hollow- 
cylindrical SOFC embodying the first preferred 
embodiment of the invention ; 
Fig. 2 is a sectional view taken along a line II— 1 1 of 
Fig. 1 ; 55 
Figs. 3 to 6 are sectional views of the other exam- 
ples of the hollow-cylindrical SOFC, respectively 
(taken in the same method as Fig. 2) ; 
Fig. 7 is a partial sectional view of a so-called mul- 
ti-cell typ SOFC to which the invention is 



applied ; 

Fig. 8 is a partial front view of a hollow-cylindrical 
SOFC embodying the second preferred embodi- 
ment of the invention ; 

Fig. 9 is a sectional view taken along a line IX-IX 
of Fig. 8 ; 

Figs. 10 to 12 are cross sectional views of the 
other examples of the hollow-cylindrical SOFC, 
respectively (taken in the same method as Fig. 9) ; 
Fig. 1 3 is a partial perspective view of the conven- 
tional SOFC ; 

Fig. 14 is a sectional view taken along a line X IV- 
XIV of Fig. 13; 

Fig. 15 is a partial front view of the other conven- 
tional SOFC ; and 

Fig. 16 is a cross sectional view taken along a line 
X Vl-X VI of Fig. 15. 

The following examples are given in illustration of 
the invention and are not intended as limitations 
thereof. 

Fig. 1 js a partial perspective view of a hollow- 
cylindrical SOFC embodying the first preferred embo- 
diment of the invention, Fig. 2 is a sectional view taken 
along a line li-ll of Fig. 1. 

In the hollow-cylindrical SOFC, a solid-cylindrical 
body 9 is placed in a central portion of an internal 
space 7 of a hollow-cylindrical SOFC element so as 
to extend from one opening of the element to the other 
opening thereof. Three flat-plate shaped ribs 10 
extend radially on the surface of the body 9 and con- 
nected to the surface of a porous ceramics support 
tube 1. The ribs 10 also extend from one opening of 
the element to the other opening thereof. The body 9 
is fixed with three ribs 10 in the internal space 7. As 
a result, three oxidizing gas-flow routes 12 are defined 
by the body 9, the ribs 1 0 and the support tube 1 . Th 
porous support tube 1 , the body 9 and the ribs 1 0 can 
be preferably formed by extrusion molding in one 
piece in their longitudinal direction from a viewpoint of 
the manufactural efficiency. 

In this case, it is preferable to make the porous 
support tube 1, the flat-plate shaped ribs 10 and the 
solid-cylindrical body 9 from the same material, and 
the material is preferably conductive as described 
later. Such a porous conductive material may be Sr- 
doped LaCr0 3 , Sr-doped LaMn0 3 and the like. 

An air electrode 5 may be made of doped or 
undoped LaMn0 3 , CaMn0 3 , LaNi0 3 , LaCo0 3 , 
LaCr0 3 and the like, among which LaMn0 3 doped 
with Sr is preferable. On the outer surface of the air 
electrode 5, an airtight solid electrolyte 4, generally 
composed of zirconia stabilized with yttria and having 
a thickness of about 1 micron — 100 micron, is for- 
med. When forming the solid electrolyte 4, a preselec- 
ted region extending in the longitudinal direction is 
covered with a mask to prevent the solid electrolyte 4 
from attaching to the air electrode 5 in the region. After 
forming the solid electrolyte 4, an interconnector 2 is 
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formed on the air el ctrode 5 in th above masked 
region. The interconnector 2 must be conductive 
under an oxidizing gas atmosphere and under a fuel 5 
gas atmosphere. Preferably, the interconnector 2 has 
a thickness of 5 - 100 micron. A fuel electrode 3, 
which acts as an anode, is formed on the surface of 
the solid electrolyte 4 in a power generating region 
other than the preselected region in which the inter- 10 
connector 2 is formed. The fuel electrode 3 generally 
has a thickness of 30 ~ 100 micron and is generally 
made of nickel-zirconia cermet or cobalt-zirconia cer- 
met 

A connecting terminal 6 is attached to the surface 15 
of the interconnector 2. The connecting terminal 6 
may be made of nickel-zirconia cermet, cobalt-zir- 
conia cermet, nickel or the like. 

When operating the cell, for example, fuel gas 
flows around the surface of the fuel electrode 3 as 20 
shown by arrows D, while an oxidizing gas flows in 
three oxidizing gas flow routes 12 defined by the so- 
lid-cylindrical body 9 and the fiat-plate ribs 10 as 
shown by arrows E. Oxygen molecules contained in 
the oxidizing gas permeate the porous support tube 1 25 
to produce oxygen ions at the interface between the 
air electrode 5 and the solid electrolyte 4. These 
oxygen ions move through the solid electrolyte 4 into 
the fuel electrode 3, at where the oxygen ions react 
with fuel and emit electrons to the fuel electrode 3. 30 

Remarkable effects described below are 
obtained by applying the hollow-cylindrical SOFC 
according to the present example. 

(1) Since the solid-cylindrical body 9 is placed in 

the central portion of the internal space 7, the 35 
oxidizing gas-flow in the central portion of the 
internal space 7, which does not contribute to the 
power generation, can be prevented. Therefore, 
it is possible to utilize the oxidizing gas efficiently 
without the loss of the oxidizing gas, whereby the 40 
power generating efficiency is improved. 

(2) Since the oxidizing gas-flow routes 12, which 
are narrower than the internal space 7, are wor- 
med between the inner surface of the porous sup- 
port 1 and the solid-cylindrical body 9, the 45 
sectional area of each route 12 is considerably 
smaller than that of the internal space 7 which is 

a conventional gas flow route. As a result, an 
average flow rate of the oxidizing gas becomes 
larger to convert the oxidizing gas-flow, which is so 
provided as laminar flows as shown by an arrow 
A, into turbulent flows as shown by arrows E. In 
the turbulent flows, the momentums are 
exchanged in a far larger scale, and th flows 
become extremely irregular in a time scale and a 55 
space scale as compared with the laminar flows. 
Therefore, depleted-flows in which an oxygen 
concentration has already been decreased are 
mixed with fresh-flows having relativ ly high 
oxygen concentration in the oxidizing gas flow as 



a whole to prevent that the depleted oxidizing 
gas, in which the oxygen concentration has 
already been decreased, continues to flow in 
layers around the inner surface of the porous sup- 
port tube 1. As a result, it is possible to prevent 
the lowering of the power generating efficiency 
due to the inactivation of the reactions at the elec- 
trode films and to reduce the thermal stress and 
strain due to the thermal gradient 
Moreover, a ratio of an outer diameter of the so- 
lid-cylindrical portion 9 to a diameter of the inter- 
nal space 7 is preferably not less than 0.3 to 
generate the turbulent flows effectively as des- 
cribed above and to prevent a loss of the oxidizing 
gas. 

(3) The cylindrical SOFC element has an opening 
at its each end so as to flow the oxidizing gas from 
one opening to the other opening, so that it is 
possible to omit the sealing process of one open- 
ing and to reduce the manufacturing cost. 

(4) When the solid-cylindrical body 9, the flat- 
plate shaped ribs 10 and the porous support tube 
1 are extruded in one piece, the porous support 
tubes 1 with a homogeneous structure can be 
manufactured efficiently and very advan- 
tageously. 

(5) Since the flat-plate shaped ribs 10 extend 
radially from the solid-cylindrical body 9 and the 
porous support tube 1 is supported by the ribs 10 
against a pressure in the radial directions, the 
porous support tube 1 has an improved radial 
crushing strength as compared with the conven- 
tional porous support from the standpoint of struc- 
tural mechanics. The number of the flat-plate 
shaped ribs can be varied. 

(6) Up till now, even if the porous support tube is 
formed of conductive material, electric current 
flows circumferentially in the hollow-cylindrical 
porous support. 

On the contrary, when the flat-plate shaped ribs 
1 0, the porous support tube 1 and the sol id -cylindrical 
body 9 are formed of the porous conductive material, 
electric current flows through the flat-plate shaped 
ribs 10 and the solid-cylindrical body 9 as shown by 
arrows J in addition to the circumferential current path 
described above. Therefore, when a plurality of the 
hollow-cylindrical SOFC elements are electrically 
connected in series, the loss of current can be 
reduced and the overall power generating efficiency 
can be further improved. 

In the example of Fig. 1, the air electrode 5 may 
be provided on th outer surface of the solid electro- 
lyt 4 and the fuel electrod 3 may be provided on the 
inner surface of the solid electrolyte 4. In this case, the 
fuel gas is supplied to the internal space of th hollow- 
cylindrical SOFC element and th oxidizing gas is 
supplied to the xtemal space of th element. In this 
case, the similar effects as described in (1)~(6) can 
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be obtained. Moreover, it is possible to prevent the 
flowing of fuel ingredients such as H 2 , CO, etc., con- 
tained in the fuel gas through the internal space bef- 
ore contributing to the power generation. Therefore, 
this SOFC is much more preferable. 

Figs. 3 to 6 are sectional views of hollow-cylindri- 
cal SOFC's wherein various converting means are 
adopted instead of the solid-cylindrical body 9. 

In the example of Fig. 3, each opening of a hollow 
cylinder 19b is sealed with a sealing portion 19a at 
each end. A hollow-cylindrical body 19 comprised of 
the hollow cylinder 19b and two sealing portion 19a, 
is placed in the central portion of the internal space 7 
instead of the solid-cylindrical body 9. The hollow cyli- 
nder 19b is supported by the flat-plate shaped ribs 1 0. 
Moreover, the hollow cylinder 19b, the flat-plate 
shaped ribs 10 and the porous support tube 1 can also 
be extruded in one piece as same in the example of 
Fig. 1. In the example of Fig. 3, both openings of the 
hollow cylinder 19b are sealed with the sealing por- 
tions 19a, respectively. However, it is sufficient to seal 
at least one opening located on an upper stream side 
of the oxidizing gas flow. 

In the present example, since the hollow body is 
adopted as the converting means for converting the 
gas-flow to the turbulent Hows instead of the solid 
body, it is possible to reduce the thermal stress 
because of its hollow structure and to improve its ther- 
mal-shock resistance. Therefore, such converting 
means is more applicable to SOFC's operating at high 
temperatures for long times. 

In the example of Fig. 4, a solid-cylindrical body 
1 5, which is placed in the internal space 7, is tapered 
and supported by the flat-plate shaped ribs 10. The 
outer diameters of the tapered solid-cylindrical body 
1 5 are enlarged continuously from an upper-stream 
portion to a downstream portion of the oxidizing gas- 
flow. As a result, the cross sectional areas of the oxidi- 
zing gas-flow routes 22 are relatively large in the 
upper-stream portion, and the sectional areas 
become smaller gradually as the oxidizing gas flows 
toward the downstream portion. Therefore, the oxidi- 
zing gas flows into the oxidizing gas-flow routes 22 as 
the arrow A and flows in the routes relatively slowly in 
layers at first. However, as the oxidizing gas 
approaches to the downstream portion, the oxygen 
molecules are consumed and the oxidizing gas flows 
more rapidly to convert the oxidizing gas into the tur- 
bulent flows as shown by arrows E. 

In the example of Fig. 5, a hollow-cylindrical body 
25c is tapered and the outer diameter of the tapered 
hollow-cylindrical body 25c are enlarged gradually 
from the upper-stream portion to the downstream por- 
tion of the oxidizing gas-flow. One opening of the hol- 
low-cylindrical body 25c located in the upper-stream 
portion is sealed with a sealing portion 25a, and the 
other opening located in the downstream portion is 
sealed with a sealing portion 25b having a diameter 



larger than that of the sealing portion 25a. The sealing 
portion 25b in the downstream portion can be omitted. 

5 In the exampl of Fig. 6, a rod 16 is fixed in the 

internal space 7 in the longitudinal direction of the ele- 
ment 42, and a plurality of plates 17, for example, cir- 
cular plates, are fixed to the rod 16 at predetermined 
intervals and extend in the radial directions of the ele- 

10 ment 42. Therefore, the oxidizing gas, which flows 
into the internal space 7 as the arrow A, crashes into 
the plates 17 to be stirred vigorously and passes 
through gaps between the plates 17 and the porous 
support tube 1. The oxidizing gas-flow is stirred as 

15 described above repeatedly before reaching the 
downstream portion. As described above, the oxidiz- 
ing gas-flow is converted into turbulent flows as 
shown by the arrows E. As a result it is possible to 
prevent the oxidizing gas from flowing in layers 

20 through the central portion of the internal space 7 and 
to prevent the depleted-oxidizing gas, in which the 
oxygen concentration has already been decreased, 
from flowing continuously around the inner surface of 
the porous support. 

25 Fig. 7 is a partial sectional view of a so-called mul- 

ti-cell type SOFC to which the present invention is 
applied. 

A plurality of air electrodes 35 are provided on the 
surface of a porous support tube at specific intervals 

30 in the longitudinal direction thereof, and a solid elec- 
trolyte 34 and a fuel electrode 33 are successively for- 
med on each of the air electrodes 35. Each of the fuel 
electrodes 33 is successively electrically connected 
to the adjacent air electrode 35 by an interconnector 

35 36. 

The other components are basically same as 
those of the SOFC shown in Fig. 1. The solid-cyiindri- 
cal body 9 is fixed in the central portion of the internal 
space 7 of the above constructed SOFC element 37 

40 in its longitudinal direction. Three oxidizing gas-flow 
routes 12 are formed by the body 9, the porous sup- 
port tube 1 and three flat-plate shaped ribs 10. 

Fig. 8 is a partial front view of a cylindrical SOFC 
embodying the second preferred embodiment of the 

45 invention. Fig. 9 is a sectional view taken along a line 
IX-IX of Fig. 8. 

In the SOFC, a converting means 46 is fixed in an 
external space 45, which is defined between four hol- 
low-cylindrical SOFC elements 42, in the longitudinal 

so direction of the element to obtain various remarkable 
effects. 

The converting means 46 is composed of a tube- 
shaped body 47, which extends to the longitudinal 
direction and which its outer profile in the radial direc- 
55 tions is a rhombus, and a sealing portion 48 which 
seals the opening of the tube-shaped body 47 in the 
upper-stream portion. Two metal felts 49 and two 
metal felts 50 face to the same external space 45. The 
tube-shaped body 47 has four edge lines extending in 
the longitudinal direction on its outer surface. Then, 
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the tube-shaped body 47 contacts the metal felts 49 
and 50 at the edge lin s, respectively and is fixed in 
the external space 45 by four metal felts. Although 
only a part of the SOFC equipment is shown in Fig. 8, 
the converting means 46 is also fixed in each of the 
external spaces in the same manner as mentioned 
above. A narrow fuel gas-flow route 44 is formed be- 
tween the outer surface of the tube-shaped body 47 
and the fuel electrode films 3 in the external space 45. 

The tube-shaped body 47 may preferably be for- 
med of non-conductive ceramics. In particular, a felt- 
board composed of ceramic fibers is most preferable 
because of the cushioning effect and relatively high 
thermal-shock resistance. 

The air electrode 5, the solid electrolyte 4, the fuel 
electrode 3, the interconnector 2, the connecting ter- 
minal 6 and the internal space 7 are basically the 
same as in the aforementioned first embodiment of 
th SOFC (refer to Fig. 1 and its explanation). 

The metal felts 49 and 50 may preferably be made 
of nickel, etc. 

When operating the cell, the oxidizing gas flows 
in the internal space 7 of each hollow-cylindrical 
SOFC elements 42, while the fuel gas flows in the fuel 
gas-flow route 44 formed in the external space 45 as 
shown by arrows H in Fig. 9. Oxygen molecules con- 
tained in the oxidizing gas permeate the porous sup- 
port tube 41 to produce oxygen ions at the interfaces 
between the air electrode 5 and the solid electrolyte 
4. These oxygen ions move through the solid electro- 
lyte 4 into the fuel electrode 3, at where the oxygen 
ions react with fuel and emit electrons to the fuel elec- 
trode 3. 

Remarkable effects descried below are obtained 
by applying the hollow-cylindrical SOFC according to 
the present example. 

(1) Since the tube-shaped body 47 with the seal- 
ing portion 48 is placed in the central portion of 
the external space 45, the fuel gas-flow in the 
central portion of the external space 45, which 
does not contribute to the power generation, can 
be prevented. Therefore, it is possible to utilize 
the fuel gas efficiently without the loss of the fuel, 
whereby the power generating efficiency is 
improved. 

(2) Since the fuel gas-flow route 44, which is nar- 
rower than the external space 45, is formed be- 
tween the outer surface of the fuel electrode 3 and 
the tube-shaped body 47, a sectional area of the 
route 44 is considerably smaller than that of the 
external space 45 which is a conventional gas- 
flow route. As a result, an average flow rate of the 
fuel gas becomes larger to convert the fuel gas- 
flow, which is provided as laminar flows as shown 
by an arrow G, into turbulent flows as shown by 
the arrows H. In the turbulent flows, the momen- 
tums are exchanged in a far larger scale, and the 
flows become extremely irregular in a time scale 



and a space seal as compared with the laminar 
flows. Therefore, depleted-flows in which a fuel 
s concentration has already been decreased are 

mixed into fresh-flows having relatively high fuel 
concentration in the fuel gas-flow as a whole to 
prevent that the depleted fuel gas, in which the 
fuel concentration has already been decreased, 
10 continues to flow in layers around the outer sur- 

face of the fuel electrode 3. As a result, it is poss- 
ible to prevent the lowering of the power 
generating efficiency and to reduce the thermal 
stress and strain. 
15 (3) Since the tube-shaped body 47 having a hol- 

low structure is adopted as the converting means, 
the thermal-shock resistance is higher as com- 
pared with that of the solid body. Therefore, such 
converting means is more applicable to SOFCs 
20 operating at high temperatures for long times. 

(4) Up till now, there were some cases that the 
metal felts 49 move in the vertical direction or the 
metal felts 50 move in the horizontal direction in 
Fig. 8 after assembling a stack. 
25 On the contrary, in the present example, the tube- 

shaped body 47 as the converting means 46 is fixed 
in each external space 45 and contact the metal felts 
49 and 50 at the edge lines of the outer surface to give 
a some pressure to the felts. In the other words, each 
30 metal felt 50 is pressed in the horizontal direction and 
each metal felt 49 is pressed in the vertical direction 
by the tube-shaped body 47. Therefore, the metal 
felts 49 and 50 are positioned at predetermined 
places without moving. 
35 In the example of Fig. 8, the air electrode 5 may 

be provided on the outer surface of the solid electro- 
lyte 4 and the fuel electrode 3 may be provided on the 
inner surface of the solid electrolyte 4. In this case, the 
fuel gas is supplied to the internal space 7 of the hol- 
40 low-cylindrical SOFC element 42 and the oxidizing 
gas is supplied to the external space 45 of the ele- 
ment. In this example, the similar effects as described 
in (1)~(4) can be obtained. Further, in this case, the 
metal felts 49 and 50 may preferably be formed of 
45 conductive oxide fiber, for example, such as doped 
ln 2 0 3 , etc. 

In the above example, as shown in Fig. 9, one 
opening of the tube-shaped body 47 located in the up- 
per-stream portion is sealed with the sealing portion 
50 48 and the other opening is not sealed. However, the 
other opening may be sealed with the similar sealing 
portion as described above. 

Figs. 10 to 12 are sectional views of hollow-cylin- 
drical SOFC, wherein various converting means are 
55 adopted instead of the hollow tube-shaped body. 

In the example of Fig. 10, a solid pillar-shaped 
body 51 is placed in the central portion of the external 
space 45 instead of the hollow tube-shaped body. The 
pillar-shaped body 51 has the same outer profile in the 
radial directions as in the hollow tube-shaped body 47 
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of Fig. 8 and is supported by the metal felts 49 and 50 
in the same manner as described above. 

In the example of Fig. 11, a hollow tube-shaped 
body 52 is tapered and the outer diameters of the tap- 
ered tube-shaped body 52 are enlarged gradually and 
continuously from the upper-stream portion to the 
downstream portion of the fuel gas-flow. One opening 
of the hollow-cylindrical body 52 located in the upper- 10 
stream portion is sealed with a sealing portion 53. The Claims 
other opening of the body 52 located in the down- 
stream portion may be sealed with a sealing portion 
having a diameter larger than that of the sealing por- 
tion 53. 15 

In the present example, the sectional area of the 
fuel gas-flow route 44 is relatively large in the upper- 
stream portion, and the sectional area becomes smal- 
ler gradually as the fuel gas flows toward the 
downstream portion. Therefore, the fuel gas flows into 20 
the fuel gas-flow route 44 as the arrow G and flows in 
the route relatively slowly in layers at first However, 
as the fuel flow gas approaches to the downstream 
portion, the fuel are consumed and the fuel gas flows 
more rapidly to convert the fuel gas into the turbulent 25 
flows as shown by arrows H. 

In the example of Fig. 12, a rod 54 is fixed in the 
external space 45 in the longitudinal direction of the 
SOFC element 42, and a plurality of plates 55, for 
example, circular or rhomboid plates, are fixed to the 30 
rod 54 at predetermined intervals and extend in the 
radial directions of the element 42. Therefore, the fuel 
gas, which flows into the external space 45 as the 
arrow G, crashes into the plates 55 to be stirred vigor- 
ously and passes through gaps between the plates 55 
and the outer surface of the fuel electrode 3. The fuel 
gas-flow is stirred as described above repeatedly bef- 
ore reaching the downstream portion. As described 
above, the fuel gas-flow is converted into the turbulent 
flows as shown by the arrows H . As a result, it is poss- 40 
ible to prevent the fuel gas from flowing in layers 
through the central portion of the external space 45 
and to prevent the depleted fuel gas, in which the fuel 
concentration has already been decreased, from flow- 
ing continuously around the outer surface of the fuel 45 
electrode 3. 

As the converting means, for example, hollow 
tube-shaped bodies or solid pillar-shaped bodies, in 
which many spines are provided on the outer surface 
or in which a channel or a convex is provided spirally so 
on the outer surface like a screw, may be adopted 
other than ones shown in Figs. 1 -12. 

In the above examples, the air electrode 5, etc. is 
formed on the surface of the porous support tube 1 or 
41. However, a hollow-cylindrical air electrode itself or 55 
a hollow-cylindrical fuel electrode itself can be used 
as a rigid support without the above porous support 
tube 1 or 41. In this case, the SOFC element can be 
structurally independent without using the above por- 
ous support tube which does not constitute the elec- 



trodes. 

Instead of using the hollow-cylindrical SOFC ele- 
ments, the other tube-shaped elements, for xample, 
tube-shaped elements in which their inner and outer 
profiles are tetragonal, hexagonal or the like taken in 
the radial directions, may be used. 



1. A solid oxide fuel cell wherein one gas selected 
from oxidizing gas and fuel gas flows in an inter- 
nal space of a tube-shaped solid oxide fuel cell 
element and the other gas flows in an external 
space of the element ; 

said cell being provided with a means for 
converting an oxidizing gas-flow and/or a fuel 
gas-flow into turbulent flows. 

2. The solid oxide fuel cell as claimed in Claim 1, 
wherein said means for converting the oxidizing 
gas-flow or the fuel gas-flow in the internal space 
into the turbulent flows is arranged in the internal 
space. 

3. The solid oxide fuel ceil as claimed in Claim 2, 
wherein as the converting means an elongated 
body is arranged in the internal space and in a 
longitudinal direction of the element 



4. The solid oxide fuel cell as claimed in Claim 3, 
wherein said elongated body is connected to a 
35 porous ceramics support tube constituting said 

element through one or more flat-plate shaped 
ribs. 



5. The solid oxide fuel cell as claimed in Claim 4, 
wherein said elongated body, porous ceramics 
support tube and flat-plate shaped ribs are made 
of a porous and conductive material. 

6. The solid oxide fuel cell as claimed in Claim 3, 
wherein said elongated body is placed in a central 
portion of said internal space. 

7. The solid oxide fuel cell as claimed in Claim 3, 
wherein said element is shaped into a hollow cyli- 
nder and said elongated body is a solid-cylindrical 
body or a hollow-cylindrical body with at least one 
opening sealed. 



8. 



The solid oxide fuel cell as claimed in Claim 7, 
wherein a ratio of an outer diameter of said solid- 
cylindrical body or hollow-cylindrical body to a 
diameter of said internal space in said element is 
not less than 0.3. 



9. The solid oxide fuel cell as claimed in Claim 7, 
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wherein said solid-cylindrical body or hollow- 
cylindrical body is tapered, and an outer diameter 
of the tapered solid-cylindrical body or tapered 
hollow-cylindrical body is enlarged continuously 
from an upper-stream portion to a downstream 
portion of the gas-flows. 

10. The solid oxide fuel cell as claimed in Claim 2, 
wherein said converting means is composed of a 
rod fixed in the internal space in the longitudinal 
direction of said element and plates fixed to the 
rod, each plate extending in radial directions of 
the element 

11. The solid oxide fuel cell as claimed in Claim 1, 
wherein a plurality of said elements are arranged, 
electrodes of the adjoining elements are electri- 
cally connected to each other, the external space 
is formed between a plurality of the elements and 
said means for converting the oxidizing gas-flow 
or the fuel gas-flow in the external space into the 
turbulent flows is arranged in the external space. 

12. The solid oxide fuel cell as claimed in Claim 11, 
wherein as the converting means an elongated 
body is arranged in the external space and in a 
longitudinal direction of the element 

13. The solid oxide fuel cell as claimed in Claim 12, 
wherein said elongated body is placed in a central 
portion of the external space. 

14. The solid oxide fuel cell as claimed in Claim 12, 
wherein said elongated body is a solid pillar-sha- 
ped body or a tube-shaped body with at least one 
opening sealed. 

15. The solid oxide fuel cell as claimed in Claim 14, 
wherein a metal felt is interposed between the 
adjoining elements, a part of which felt faces to 
the external space and the pillar-shaped body or 
the tube-shaped body contacts to the metal felt 

16. The solid oxide fuel cell as claimed in Claim 15, 
wherein an outer profile of said pillar-shaped 
body or tube-shaped body in its radial directions 
is tetragonal and has four edge lines in the lon- 
gitudinal direction, and four metal felts face one 
external space, in which said pillar-shaped body 
or tube-shaped body is placed, and contact with 
four edge lines of said pillar-shaped body or tube- 
shaped body, respectively. 

17. The solid oxide fuel cell as claimed in Claim 15, 
wherein said pillar-shaped body or tube-shaped 
body is formed of non-conductive ceramics. 

18. The solid oxide fuel cell as claimed in Claim 17, 



wherein said pillar-shaped body or tube-shaped 
body is mad from a felt-board composed of 
5 ceramic fibers. 

19. The solid oxide fuel cell as claimed in Claim 14, 
wherein said pillar-shaped body or tube-shaped 
body is tapered, and an outer diameter of the tap- 
10 ered pillar-shaped body or tapered tube-shaped 

body is enlarged continuously from an upper- 
stream portion to a downstream portion of the 
gas-flows. 

15 20. The solid oxide fuel cell as claimed in Claim 11, 
wherein said converting means is composed of a 
rod fixed in the external space in a longitudinal 
direction of the element and plates fixed to the 
rod, each plate extending in radial directions of 

20 the element 
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